This work focuses on the recent literature, started by the seminal article of AngPiazzesi (2003), aimed at developing macrofinance models that combine finance specifications of the term structure of interest rates with standard macroeconomic aggregate relationships for output and inflation. We review the alternative models proposed in this new literature and discuss their main features. An alternative analysis based on cointegrated vector autoregressive models is developed and tested with the data available for the US.
INTRODUCTION
In the finance literature there exist two alternative approaches for modeling the yield curve: the equilibrium approach and the no-arbitrage approach. The no-arbitrage approach focuses on perfectly fitting the term structure at a point in time in order to ensure that no-arbitrage opportunities exist. In contrast, the equilibrium approach focuses on modeling the dynamics of the instantaneous rate typically using affine models.
Prominent contributions in the no-arbitrage approach include HullWhite (1990) and Heath -Jarrow -Morton (1992) , while the equilibrium approach is exemplified by the contributions of Vasicek (1977) , Cox -Ingersoll -Ross (1985) . There exist in the literature also affine no-arbitrage models that are extremely popular, as Duffie -Kan (1996) , Litterman -Scheinkman (1991) , Dai -Singleton (2000) . 1 Both approaches have found that almost all movements in the yield curve can be captured by a framework in which yields are linear functions of few unobservable or latent factors. But these models offer little insight into the nature of the underlying factors, although they provide a relatively good description of the forces that drive movements in interest rates. For example, Litterman -Scheinkman (1991) label their factors "level", "slope" and "curvature", but this terminology reflects the effect the factors have on the yield curve rather than the identification of the economic sources of the shocks. 2 The link between the yield curve and the macroeconomy has been of perennial interest to researchers. A relevant line of research in this field is that aimed at examining the predictive power of the yield curve concerning economic variables. One of the first contribution in this context is due to Harvey (1986 Harvey ( ,1988 , who measures the ability of the yield curve to forecast growth in real personal consumption expenditures. Moreover, the term spread has been successful at predicting economic growth (Harvey 1989 (Harvey ,1991 , recessions (Estrella -Mishkin 1998) and it is also an important variable in the construction of Stock -Watson (1989) leading business cycle indicator index.
Starting from the nineties there has been an attempt at making yield curve factors more interpretable in terms of macroeconomic fundamentals. Rudebusch (1995) and Balduzzi -Bertola -Foresi (1997) have proposed term structure models with the central bank's target rate as a factor. More recently Ang -Piazzesi (2003) , followed by several others, have introduced term structure models with economic factors. 3 In the next sections we review briefly the latter generation of models of the term structure in order to examine the main features of this new literature on macroeconomics and the term structure of interest rates. For exposition reason we follow an order that is not chronological. Moreover, the present review of the literature does not pretend to be exhaustive, but mainly functional to our empirical analysis.
In the last part of this article, we develop an alternative analysis based on the theory of cointegrated vector autoregressive models and we test it 1 See for a recent review of affine term structure models. 2 This terminology of the three main factors underlying the dynamics of the yield curve is now become standard, but for instance Dai -Singleton (2000) have called them "level", "slope" and "butterfly".
3 For an overview of this new macrofinance perspective in yield curve modeling see Diebold -Piazzesi -Rudebusch (2005) .
with the data available for the US. The approach followed in the empirical analysis is based on the literature on cointegration analysis of the yield curve as exemplified by Anderson -Granger -Hall (1992) . 4 As argued by DieboldLi (2003) , the empirical literature that models yields as a cointegrated system with one common stochastic trend -the short rate -and stationary spreads relative to the short rate is more similar in spirit to the equilibrium approach for modeling the yield curve.
THE NEW LITERATURE ON THE MACROECONOMY AND THE YIELD CURVE

Inclusion of macrovariables in finance specifications of the yield curve
The model of Diebold -Rudebusch -Aruoba (2004) provides a simple way of adding macroeconomic variables in a finance specification of the yield curve. The building block of their framework is the representation of the yield curve by means of cross-section of yields at any point in time proposed by Nelson -Siegel (1987) 
(1) where β 1 , β 2 , β 3 and λ are parameters, while τ denotes maturity.
As shown by Diebold -Li (2003) , if we introduce time varying the Nelson-Siegel representation can be interpreted in terms of time-varying level, slope and curvature factors multiplying the factor loadings. In this case the measurement equation, which relates a set of yields to the three unobservable factors, is given by (2) where ƒ 1,t , ƒ 2,t , ƒ 3,t correspond to the latent factors, respectively level, slope and curvature. 5 Note that in the present literature review the slope of the yield curve is defined as "short minus long yields". Hence a positive shock to the slope factor implies that the yield curve tilts and becomes less positively sloped (or more negatively sloped).
They make several assumptions. First they assume an unconstrained factor dynamics. In particular they assume that the transition equation, which determines the dynamics of the state vector, is represented by the following VAR(1) (3) with k =1,2,3 and where A is clearly a 3×3 matrix.
Second, they assume the absence of a link between factor loadings and factor dynamics. Third, the white noise transition and measurement disturbances are orthogonal to each other at the initial state.
The addition of the macroeconomy in their framework is straightforward. Considering three additional macrovariables, manufacturing capacity utilization (CU), the Federal funds rate (FFR) and the inflation rate (IN-FL), equation (3) can be rewritten as (4) with k =1,…6.
Finally, in their empirical analysis they compute optimal yield predictions by means of the Kalman filter over the sample 1972-2000 of monthly data.
Their main findings are the following. First consider the impulse-response functions analysis. On one hand, the responses of macrovariables to yield curve factors show that a shock to the level factor increases CU, FFR and INFL. While the macrovariables show very little response to shocks in the slope or curvature factors.
On the other hand, the responses of yield-curve factors to macro variables show that a shock to INFL or FFR increases the level factor. In the case of inflation this positive response is mainly in the long-run. Moreover, a shock to CU or FFR increases the slope factor, implying a less steeply upward sloped (or more steeply downward sloped) yield curve. 5 While the curvature factor shows very little response. Finally, the variance decomposition analysis shows that macroeconomic fundamentals explain yields at long horizons: CU explains yields most at 60 lags (25-35%); FFR explains yields most at 12 lags (31-63%). At shorter horizons the variation in rates explained by macro variables becomes negligible, implying that there exists a large amount of short-term idiosyncratic variation in the yield curve. The real-activity indicator (CU) explains more fractions of yield variability, up to 35%, than inflation, up to 6%. If we restrict our attention to inflation and the real-activity indicator, variance decompositions show that macrofactors explain up to 38% of the variation in bond yields. Moreover, while the level factor explains yield variation at the short and long end (respectively up to 33% and up to 67%) of the yield curve, the slope factor explains yield variation mostly at the short end (up to 78% at the short end and up to 7% at the long end).
No-arbitrage constraint
The previous model does not consider the no-arbitrage constraint, but Ang -Piazzesi (2003) show that it is useful in predicting yields. Moreover, Ang -Piazzesi -Wei (2004) show that it is also useful in predicting GDP growth.
In Ang -Piazzesi (2003) macrofactors (principal components of observables) and latent factors follow independent vector autoregressive process. The short rate depends on both macro and latent factors and the no-arbitrage restriction is imposed. In particular, the short rate dynamics is modelled as a "no-arbitrage" version of the Taylor rule with the errors being unobserved latent factors orthogonal to macro factors.
Moreover they impose the restriction that inflation and output are independent of the policy interest rate. Formally the model is a special case of discrete-time versions of the affine class due to Duffie -Kan (1996) . The sample considered in the estimation is 1952-2000, with monthly data.
Their findings are the following. Shocks to inflation affect positively all yields, but with the impact decreasing with horizon. Shocks to real activity affect positively all yields, with a maximum impact at 10-20 lags. Responses from a restricted VAR are much stronger than responses from an unrestricted VAR.
Again the analysis of variance decomposition shows that macrofactors become more influential at longer horizons. But now inflation factor explains substantial fractions of yield variability, up to 71%, while real-activity factor explains only small fractions of yield variability, up to 14%. This implies that macrofactors explain up to 85% of the variation in bond yields. Moreover, macrofactors explain mainly movements at the short and middle end of the yield curve, while unobservable factors still account for most of the movements at the long end of the yield curve.
In their alternative analysis, Ang -Piazzesi -Wei (2004) examine the predictive power of the yield curve concerning GDP growth. Here they consider three factors: two yield factors (level and slope) and real GDP growth. The short rate depends on all three factors and there is again the no-arbitrage constraint. The data are quarterly and the sample is 1964-2001. They use three methods to determine whether the above factors help forecast GDP growth. The first is regressing future economic growth on the factors, without modelling the factors themselves. The second is modeling factors with an unrestricted VAR and using the prediction from it to forecast future GDP growth. The third is similar to the second one, but the arbitragefree restriction is imposed.
They find that the predictive power of the spread increases with the term spread. Increases of the term spread impact positively GDP growth, especially in the short-run and more for the VAR model than for the OLS regression. Increases of the short rate impact negatively GDP growth, more so for the VAR model than for the OLS regression. Finally, contrary to previous findings, they show that the short rate has more predictive power than any other term spread. 6 2.3 Macrovariables dependence on the policy interest rate Hördahl -Tristani -Vestin (2004) , following Ang -Piazzesi (2003) , introduce macroeconomic variables into the standard affine term structure framework based on latent factor. The main innovation is that they remove the assumption that inflation and output are independent of the policy interest rate imposed in Ang -Piazzesi (2003) . This is achieved by setting a macroeconomic model with both forward-and backward-looking expectations, rather than employing a bivariate VAR of inflation and output. 7 After solving, bond yields are linearly related to macroeconomic fundamentals. Again the arbitrage-free condition is imposed in the model. The data used in the estimation are German monthly data for the sample period 1975-1998. By using the complete macrofinance model they are able to show several interesting results. The inflation target for Germany is found to have de-6 As mentioned in the introduction, the term spread is also an important variable in the construction of Stock -Watson (1989) leading business cycle indicator index. However, Stock -Watson (2003) show that the presence of parameter instability may weaken the leading indicator property of the term spread. For a theoretical justification for the leading indicator property of the term spread see Rendu de Lint -Stolin (2003) . 7 The macroeconomic model is a variant of Rudebusch -Svensson (1999) and Rudebusch (2002) .
clined from 4% in 1975 to around 1% in 1998. Shocks to the inflation target lead to a gradual increase in inflation and output and push up the middle portion of the yield curve more than the short or long end of the curve. Moreover, monetary policy shocks tend to reduce output with little impact on prices and cause the yield curve to flatten, although this latter effect dissipates after four to five years.
Moreover, they test if their model is capable of replicating the empirical failure of the Expectations Hypothesis, as exemplified in Campbell -Shiller (1991) .
8 Dai -Singleton (2002) have shown that affine models based on unobservable factors can be very successful in accounting for the empirical failure of the Expectations Hypothesis. Following the analysis of Dai -Singleton, Hördahl -Tristani -Vestin show that out-of-sample forecasting performance is comparable to the best available affine term structure models, apart from long-term yields. They argue that the latter limitations of the model appear to play a crucial role in the tests of the Expectations Hypothesis, which present a limited degree of success.
Monetary policy regime shifts
Rudebusch -Wu (2004a) use an affine no-arbitrage model in which the yield curve depends on few latent factors, level and slope, and two macrofactors, inflation and output gap (capacity utilization). They allow for a bidirectional feedback between the term structure factors and macro variables. Latent factors are affected by macro variables through inflation targeting and monetary policy inertia.
The sample used is 1988-2000 of monthly data. Such a short sample is motivated by the following argument. The relationships among yields may have been relatively stable during the post-war period, as it is implicitly assumed by most empirical analyses based on finance specifications of the term structure of interest rates. But most of the empirical evidence suggests that the relationship between interest rates and macroeconomic variables may have changed during the post-war period. This latter result is a consequence of monetary policy regime shifts which imply changes in central banks reaction functions for setting monetary policy. 9 In the finance section of their model the short-term interest rate is defined as the sum of two latent term structure factors (5) where k is a constant and ƒ 1,t , ƒ 2,t correspond to the latent factors, respectively level and slope. This is similar to the standard affine no-arbitrage term structure framework. The new ingredient is represented by the dynamics of these latent factors, defined as (6) (7) ( 8) where π t is the inflation rate and y t is the output gap. As argued by Rudebusch and Wu, equation (6) is a "useful but imperfect approximation" of the relationship between movements in the level factor and movements in the perceived inflation target of the central bank. Equations (7) and (8) represent a partial adjustment dynamic specification for the slope factor, which reflects the specifications used in the literature started by Taylor (1993) to model central banks behaviour in setting the policy interest rate. The complete macro-finance model is obtained by combining equations (6)- (8) with a small standard New Keynesian macroeconomic model of inflation and output.
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The main findings of their empirical analysis are the following. Both inflation and output shocks impact (positively) more the slope than the level factor. Both inflation and output respond positively (negatively) to the level (slope) shocks. Inflation and output explain little of the variation in yields at long horizons: up to 7% at 60 months. While at 60 months the level explains up to 82% of the variation in inflation, and the slope explains up to 69% of the variation in output.
Discussion
After the review made of this new literature on macro-finance modelling of the term structure of interest rates it is interesting to individuate the issues that still deserve some attention in future research.
10 Again the macroeconomic model is a variant of Rudebusch -Svensson (1999) and Rudebusch (2002) .
An important issue is the presence of non-linear relationships between interest rates, ignored in the above literature. There exists empirical evidence on non-linear responses of long rates to the short rate. The findings based on threshold models in Enders -Granger (1998) and Enders -Siklos (2001) are supportive of asymmetry in the adjustment toward equilibrium in the relationship between short-and long-term interest rates. Clements -Galvão (2002) , also based on threshold models, show that the results of tests on the implications of the Expectations Hypothesis depend on the size and sign of the spread. In particular the long maturity spread is successful in predicting future changes of the short rate only when it is high.
The importance of non-linearities between interest rates is supported also by the theory. For instance, Ellingsen -Söderstrom (2001) provide a closed-form expression for the yield curve where long and short rates depend on inflation and output shocks as well as the preferences of the monetary authority. When the short rate moves because of inflation and output shocks, long rates move in the same direction. However, when the short rate moves because of changes in preferences -i.e. changes in the weights assigned to the objectives in the central bank's loss function -long rates move in the opposite direction.
Other issues concerning the new literature are the importance of regime breaks and non-stationarities in the postwar period. As shown by Ang -Piazzesi -Wei (2004) the term spread positively predicts GDP growth only during the 1971-1989 period. The importance of taking into account the existence of regime breaks for the term structure of interest rates is well documented by the Markov-switching models used in the literature for testing the Expectations Hypothesis under regime shifts. 11 For example, Sola -Driffill (1994) show that the restrictions of the Expectations Theory are not rejected in the Markov-switching approach. 12 Moreover, Rudebusch -Wu (2004) show that the term structure behavior is affected also by important structural shifts in the macroeconomy which may imply a permanent modification in the dynamics of the pricing of risk.
13 These large shifts coexist with the switching at a cyclical frequency, found in the literature on regime-switching models of interest rates.
On the other hand, focusing on a small sample with a stable regime, like that chosen for instance by Rudebusch -Wu (2003) , may imply biased estimates of autoregressive coefficients.
Finally, in most of the models considered structural parameters are identified by using inflation and capacity utilization in the data set, but usually these variables display unit or near unit roots.
EMPIRICAL ANALYSIS
In the next Sections we will develop an alternative analysis based on the theory of cointegrated vector autoregressive models and test it with the data available for the US. Our analysis represents a further attempt at developing a framework for analyzing the yield curve integrated with macro factors. The main innovation compared to the above literature is that our analysis explicitly addresses the problem of non stationarity of financial and macroeconomic time series.
Background and related literature
Campbell - Shiller (1987) and Engle -Granger (1987) are the first who have tested for and found cointegration between the yield on a long-term bond and that on a short-term bond. Likewise Anderson -Granger -Hall (1992), Shea (1992) have found that the term structure is well modelled as a cointegrated system.
In a cointegrated system of the yield curve it is also possible to test the Expectations Hypothesis. Let X t be a vector of s interest rate series of different maturity regarded as a set of integrated I(1) processes
The multivariate vector error correction model (VECM) for X t is
where
; u t is a multivariate gaussian error term and ∆ is the the first difference operator. It can be shown that Π = αβ', where α represents the speed of adjustment to disequilibrium, while β is a matrix of long-run coefficients such that the term β'z t-k embedded in (10) represents up to s-1 cointegrating vectors. Let's consider the following relationship between the long-term nominal interest rate R t and the short-term nominal interest rate r t (one-period bond) (11) where m(>1) and D m are respectively the maturity and the duration of the long-term bond, while θ is a term premium which may account for risk considerations or investors' preferences about liquidity. In (11) we have used the property that any finite maturity bond can be approximated by an infinite maturity consol bond provided the (geometric) weights ensure that the duration of the consol is equal to the duration of the finite maturity bond.
14 The Pure Expectations Hypothesis asserts that in (11) the term premium is zero, while another version of the Expectations Hypothesis claims that the term premium is constant over time and across maturities. According to the Liquidity Preference Hypothesis the term premium increases with the time period to maturity m, but is constant over time. Finally, according to the Time Varying Risk Hypothesis the term premium depends on the maturity m and varies over time.
Expression (11) can be rewritten as
Now, by rearranging (12), we can formulate two alternative specifications of the relationship between the long-term interest rate and the shortterm interest rate that can be tested by means of cointegration analysis. The first is the following (13) where we have subtracted k m R t (m) from both sides of (12). If we assume that the term premium and the first difference of the long-term rate are stationary, then expression (13) implies that: (i) Π has rank s-1, i.e. there exist s-1 linearly independent cointegrating vectors, where s is the number of yields; (ii) any spread between long-term and short-term rates must be stationary. Hence, the model predicts that any of the s-1 yield series R t (m) is cointegrat- ed with the one-period yield r t , so that the spreads appear to be components of the term structure's cointegrating vectors.
To analyse the validity of such hypotheses one can use the tests developed by Johansen (1988) (the maximal eigenvalue test, or λ-max test, and the trace test) to select the dimension of the cointegration space, which in the present case should be of rank s-1, and the related maximum likelihood procedures to test the validity of the spread restrictions imposed on the cointegrating relationships.
Alternatively, we may use the following specification, derived from (13) by subtracting the analogous expression for the yield with maturity n:
where n<m. The testing procedure for expression (14) is analogous to that of expression (13). Here the model predicts that any of the s-1 yield series R t (m) is cointegrated with a given yield R t (n) , so that the spreads appear to be components of the term structure's cointegrating vectors.
In the existing literature on cointegration and the yield curve the Expectations Hypothesis has been tested by using specifications (13) and (14) and it has been almost invariably rejected. In table 1 we have reported the main findings. As it is possible to see the results seem to suggest that the interest rates at different maturities are typically cointegrated, usually with one cointegrating vector. As one may expect, the cointegration becomes weaker in the cases where the range of yields included in the analysis comprises the long end of the yield curve together with short end. The rationale for this can be found in the fact that cointegration and correlation go together in the yield curve, and we often find strongest cointegration at the short end where correlations are highest.
However cointegration between yields, with the presence of a single common trend, is only a necessary condition for the Expectations Hypothesis. The sufficient condition is represented by the validity of the restrictions on the cointegrating vectors implied by specifications (13)-(14). Unfortunately, those restrictions are typically rejected, or accepted only in restricted subsamples and for a small subset of yields. Thus, these findings suggest only limited support for the Expectations Hypothesis. One possible explanation for this conclusion is that the rejection on larger samples may be caused by problems associated with monetary regime shifts. In other words, the acceptance of the restrictions in small subsamples could be due to the stationarity of risk or liquidity premia of yields in presence of a stable monetary regime. This conclusion seems to be supported, for instance, by the evidence in Anderson -Granger -Hall (1992).
, -m, 4-m, 12-m; and Tanggaard • 1952:1 -1979:9; • zero-coupon yields derived from Treasury Bills, Notes and Bonds. 
Results
Considering only yields
Let's focus first on yields only and examine the specification (13). We have used a large sample of monthly (end-of-month) zero-coupon constant maturity government bond yields for US, ranging from 1952:01 to 2003:11. 15 For the estimation the sample period is the same of Ang -Piazzesi (2003), from 1952:06 to 2000:12. But as our data end in 2003:11, we will use the data not used in the estimation for conducting an out-of-sample forecasting experiment on alternative models.
Maturities are one month, three months, two years, three years, five years, seven years and ten years. In Figure 1 are plotted all the yields considered.
Augmented Dickey-Fuller and Phillips-Perron unit root test statistics were computed for each of the seven yields, with constant and with constant and trend. For the sample 1952:06 -2000:12 the test statistics show no evidence against the null hypothesis that there is a unit root in yields level, but the data clearly reject the null hypothesis that there is a unit root in the first differences. 16 Hence we can conclude, in line with the previous literature, that over the sample considered each yield is an I(1) process.
Subsequently we have tested that the yields are cointegrated with (s-1) cointegrating vectors, with s=7. The results obtained from Johansen and Juselius likelihood based procedures are reported in Table 2. 17 Both the λ-max and trace statistics accept the restriction that the rank of the cointegrating space is not more than six, but rejects the hypothesis that the rank is not more than five. Thus, the necessary condition of the theory under investigation is supported by the data.
Let's see if also the sufficient condition of the theory holds. Conditional on there being six cointegrating vectors, the null hypothesis is that six lin- 15 The data used here are the same of Fornari -Luisi (2004) . We thank Fabio Fornari for having kindly provided the data on US yields used in their work. Notice that in their sample data from 1952 to 1991 are taken from McCulloch -Kwon (1993), which calculated monthly observations by means of a cubic spline method; while data from 1992 to 2003 are estimated by means of the BIS/DBS smoothing spline method used at the Bank for International Settlements (BIS). An exception is the one-month yield, which is the one-month T-Bill yield taken from FRED II database. 16 Details of this analysis can be provided by the author on request. 17 The lag order selected is four, the same chosen for the case when macro factors are included in the yields dataset. The cointegration rank test is performed under the assumption of an intercept in the cointegrating equations, without deterministic trend.
early independent spreads between the one-month yield and the remaining six yields comprise a basis for the cointegration space. In Table 3 is examined the case when the restrictions are given by expression (13) (in the table the reader should disregard the case when the restrictions include also expression (15) for now). As it is possible to see from the table, contrary to previous empirical evidence the null hypothesis is not rejected. This is surprising given the large sample and relative large number of yields considered here. A standard finding of the previous related literature is that the theory holds only for small subsamples due to the presence of changes in monetary regimes. While according to our findings the confirmation of the theory is more related to the consideration of a very large sample. In fact, to our knowledge, the one considered here is by far the largest considered in the literature on the yield curve and cointegration analysis.
It is well known from the finance literature that yields are driven by two or even three latent factors. Usually the first latent factor, typically termed the "level" factor, explains most of the variance in yield changes (see for instance Piazzesi 2003). How are these unobservable factors related to our findings on cointegration? The cointegration approach models yields as a cointegrated system with one common stochastic trend -the short rate -and stationary spreads relative to the short rate. This approach is similar in spirit to the equilibrium approach for modelling the yield curve, as observed by Anderson -Granger -Hall (1992, p.119):
"The assertion that the same common variable underlies the time series behaviour of each yield to maturity is not new to the literature on the term structure. Cox, Ingersoll and Ross (1985) build a continuous time general equilibrium model of real yields to maturity in which the instantaneous interest rate is common to all yields". Now, we may argue that the cointegration analysis developed focuses mainly on the level factor and neglets the importance of the other factors for the long-run cointegration relationships. In the next Section, starting from the yields-only cointegrated VAR model found -consistent with the Expectations Hypothesis -we will introduce macroeconomic fundamentals and examine their importance in explaining yield curve movements. In particular we will incorporate macro factors in the cointegration relationships by means of a "long-run" Taylor rule. Similarly to the analysis developed by Rudebusch and Wu (2004) , we may interpret the cointegrating vector which relates the short rate with macro factors in a Taylor-type fashion as a specification for the slope factor.
Introducing macrofactors in the framework
Let's introduce macro factors into the analysis. In Figure 2 are plotted the monthly inflation and output gap series considered in the present analysis. This data are taken from FRED II, of the Federal Reserve Bank of St. Louis. The inflation measure is based on the consumer price index, while the output gap is measured by the percent deviation of log industrial production from a trend. We have used the deviation of output from its long-run level as measured by a quadratic trend estimated by means of recursive least squares.
Augmented Dickey -Fuller and Phillips -Perron unit root test statistics were computed for the two macro factors considered, with constant and with constant and trend. For the sample 1952:06 -2000:12 the test statistics show no evidence against the null hypothesis that there is a unit root in the level, but the data clearly reject the null hypothesis that there is a unit root in the first differences. 18 18 Again, details of this analysis can be provided by the author on request. 19 The trace statistic accepts the restriction that the rank of the cointegrating space is not more than seven at the five percent critical value, while the λ-max statistic indicates at most five cointegrating vectors. Thus, the necessary condition of the theory under investigation -i.e. that the rank of the cointegrating space is greater or equal to six -is partially supported by the data. According to the trace statistic beyond six yield spreads one cointegrating vector is left. We interpret the latter as a "long-run" Taylor (1993) rule, i.e. an interest rate rule which specifies the central bank's response to current inflation and output gap. Our choice is similar in the spirit to that followed by Ang -Piazzesi (2003) , where the short rate dynamics is modelled as a "no-arbitrage" version of the Taylor rule. 20 In Ang -Piazzesi and our analysis it is assumed for simplicity that during the sample period the Taylor rule relationship is stable. But this is not true as the estimated coefficients are highly sensitive to the sample period selected due to the presence of regime shifts.
The empirical literature on monetary policy rules supports the existence of regime shifts in the behavior the Fed. In our analysis the introduction of macro factors implies that beyond the restrictions on the cointegrating vectors given by (13) we have also the additional restriction that (15) where r t , π t and y t are respectively the one-month yield, inflation and output gap.
Let's see if the sufficient condition of the theory holds also when a long-run Taylor rule is included. Conditional on there being seven cointe- The lag order selected is four and it was chosen according the Akaike Information Criterion. The cointegration rank test is performed under the assumption of an intercept in the cointegrating equations, without deterministic trend. 20 See also Ang -Dong -Piazzesi (2004) for an analysis of "no-arbitrage" Taylor rules, where they extend the analysis on backward-looking policy rules developed in Ang -Piazzesi (2003) to forward-looking policy rules. grating vectors, the null hypothesis is that six linearly independent spreads between the one-month yield and the remaining six yields together with a long-run Taylor rule for the one-month yield comprise a basis for the cointegration space. As it is possible to see from Table 3 , the null hypothesis is not rejected.
In Table 5 it is possible to compare Ang -Piazzesi estimates of the Taylor rule's coefficients with those obtained in the present cointegration analysis. In both cases the coefficients on inflation and real activity are significant and positive. The main difference is that in the case of Ang -Piazzesi the coefficient on inflation is less than one. This is a disappointing feature, as Taylor (1993) and Woodford (2003) show that for the coefficient of inflation is required a value greater than one for stability in macroeconomic models with these types of policy rules. Thus our new results seem more reasonable than those of Ang and Piazzesi and much closer to typical estimates of the Taylor rule. 21 As the sample period considered is the same, we can argue that the differences in the estimates might be related to the methodology and/or the indicators of inflation and real activity used. In Ang and Piazzesi, the indicator of inflation is given by the first principal component of a group of several inflation measures based on CPI, PPI of finished goods, spot market of commodity prices. Whereas the real activity indicator is given by the first principal component of the following group of variables: the index of help wanted advertising in newspapers, unemployment, the growth rate of unemployment and growth rate of industrial production. Before extracting the first principal component each series is separately normalized to have zero mean and unit variance. Then, in order to get estimates of the Taylor rule, they regress with OLS the short rate (1-month yield) on the macrofactors defined above, with the specification of the latent factors as orthogonal to the macrofactors. In particular, they use the restrictions from no-arbitrage to separately identify the individual latentfactors. Now, in Table 5 we have reported also the estimates obtained by regressing with OLS the short rate on the macrofactors considered in the present empirical analysis. As it is possible to see in this case the estimates obtained are closer to those of Ang and Piazzesi. Hence we can conclude that an estimated coefficient of inflation greater than one is ensured by the cointegration approach used in our analysis. Clearly, this fact reflects the nonstationary nature of financial and macroeconomic time series.
Finally, it is interesting to examine the importance of the error correction terms related to macroeconomic fundamentals in the VECM equations. In Table 6 are reported the estimates of the adjustment coefficients for the long-run Taylor rule for each equation. As it is possible to observe from the table, the adjustment coefficients are not statistically significant for the long end of the yield curve. This finding is supported also by the LR test of the (12) and (16) joint restrictions that the spread and long-run Taylor rule vectors are cointegrating and that the adjustment coefficient for the long-run Taylor rule in a given VECM equation is zero, which is reported in Table 6 . Nevertheless the statistical significance of the adjustment coefficients for the short end of the yield curve confirms the cointegration found earlier and the validity of the error correction representation. Thus, we can argue that the present cointegration analysis supports the importance of macroeconomic fundamentals in explaining yield curve movements. The contribution that macro factors explain mainly movements at the short end of the yield curve is consistent with the findings of the macrofinance literature, as discussed previously for instance for the analysis developed by Ang and Piazzesi (2003) .
Impulse responses
In Figures 3-7 we have reported impulse responses of one month, twoyear and ten-year yields, inflation and the output gap obtained from the model with macro factors. The impulse responses are computed using a Cholesky decomposition with the following order of the variables: output gap, inflation, from 1-month to 10-year yield. 22 From the Figures it is possible to see that shocks to inflation and the output gap initially increase yields. The response of the one month yield to output gap shocks is hump-shaped with hump occurring after about 20 months, with an increase of around 25 basis 22 We have also performed a generalized impulse response analysis for cointegrated VAR models based on Pesaran -Shin (1998) approach. The main advantage of this approach compared to the Cholesky decomposition is that it constructs an orthogonal set of innovations that does not depend on the VAR ordering. We have not reported this alternative impulse response analysis as it provides similar results to the one based on the Cholesky decomposition. points. Moreover, during the first year the responses to output gap shocks are larger for the one month yield compared to the other yields, and for the two year yield compared to the ten year yield. A similar pattern is observable for the responses to inflation shocks, but these responses are always smaller that those corresponding to output gap shocks. These findings imply that a shock to the real activity indicator makes the yield curve less steeply upward sloped, similarly to what found in Diebold -Rudebusch -Aruoba (2004) .
Moreover, according to our findings the responses of yields to inflation shocks are larger at longer horizons, while the responses of yields to output gap shocks are larger at shorter horizons. Also Diebold -Rudebusch - Aruoba (2004) have found that in the case of inflation the response is mainly in the long-run, while Hördahl -Tristani -Vestin (2004) have found a similar pattern for shocks to the inflation target. On the contrary Ang -Piazzesi (2003) and Rudebusch -Wu (2004) have found that inflation shocks are more influential for yields at shorter horizons, similarly to the case of output shocks.
Variance decompositions
In Table 7 we have reported the variance decompositions obtained from the model with macrofactors. Variance decompositions show that macrofactors explain a relevant amount (up to 42%) of the variation in bond yields and that they become more influential at longer horizons. Macrofactors explain mainly movements at the short end of the yield curve. This findings are broadly consistent with those of the macrofinance literature. However in our case, similarly to what found in Diebold - Rudebusch -Aruoba (2004) , the real activity indicator explains more fractions of yield variability compared to inflation. On the contrary, in Ang and Piazzesi (2003) the inflation rate is more influential in explaining variation in yields. This feature might be related to the differences in the estimated parameters of the long-run Taylor rule used in the framework of Ang and Piazzesi.
Predictive power of alternative models
The error correction models estimated by full information maximum likelihood (FIML) for the two alternative sets of data (yields with or without macrofactors) have been used to obtain 35 one-step ahead forecasts over the period 2001:01 -2003:11 . In performing the simulations the estimates obtained for the period 1952:06 -2000:12 are maintained fixed for both error correction models.
In Table 8 we can compare the predictive accuracy of the two alternative models. According to this forecasts the error correction model with the macrofactors has lower Root Mean Squared Error (RMSE). In particular, for the RMSE the improvement in forecast deriving from the inclusion of macro factors ranges between a 3-9 percent reduction. Mean Absolute Error (MAE) and Mean Absolute Percentage Error (MAPE) have been computed too. They are not reported as they present patterns similar to those of the RMSE.
CONCLUDING OBSERVATIONS
In the first part of this paper we have reviewed the new literature aimed at developing macrofinance models that combine finance specifications of the term structure of interest rates with standard macroeconomic aggregate relationships for output and inflation. After presenting the alternative mod- Note: Each entry is in percentage terms; the variance decompositions are computed using a Cholesky decomposition that orders the variables (output gap, inflation, 1-month yield to 10-year yield); the short rate is the 1-month yield, while the long rate is the 10-year yield.
els we have discussed the main features of this new literature -started by the seminal article of Ang -Piazzesi (2003) .
In the second part we have developed an empirical analysis of the data available for the United States. In order to account for the possible non-stationary nature of the variables considered, we have used a cointegrated VAR framework. We have examined two alternative cointegrated VAR models. A first model containing yields only: zero-coupon bonds of seven different maturities ranging from 1-month to 10-year. A second model that includes also macroeconomic information: the rate of inflation and the ouput gap.
First we have tested the existence of cointegration in the two VAR models, using tests developed by Johansen and Juselius. Then, by means of maximum likelihood procedures, we have tested the validity of the spread restrictions between long-term and short-term yields imposed on the cointegrating relationships, restrictions implied by the Expectations Hypothesis. In the macrofinance model, this latter test is coupled with the further restriction of a long-run Taylor-type interest rate rule.
The main findings of our empirical analysis are the following. In the model with yields only we show that the restrictions implied by the Expectations Hypothesis cannot be rejected. On the contrary, in the existing empirical literature those restrictions are typically rejected, or accepted only for shorter periods and for smaller subsets of yields.
In the model with yields and macrofactors we show that also the restriction of a long-run Taylor rule cannot be rejected. Moreover, according to our findings macroeconomic fundamentals improve on the fit of the mod- el, both in terms of the cointegration analysis and in terms of out-of-sample forecast errors. Variance decompositions show that macrofactors explain up to 42% of the variation in bond yields and that they become more influential at longer horizons. Finally, macrofactors explain mainly movements at the short end of the yield curve. The initial impulse response corresponds to 1 month on the x-axis; the impulse responses are computed using a Cholesky decomposition that orders the variables (output gap, inflation, from 1-month to 10-year yield); the short rate is the 1-month yield, while the long rate is the 10-year yield.
FIGURE 4 -Response of 2-year yield to generalized one standard deviation innovations
Note: The initial impulse response corresponds to 1 month on the x-axis; the impulse responses are computed using a Cholesky decomposition that orders the variables (output gap, inflation, from 1-month to 10-year yield); the short rate is the 1-month yield, while the long rate is the 10-year yield. 
FIGURE 5 -Response of 10-year yield to generalized one standard deviation innovations
Note: The initial impulse response corresponds to 1 month on the x-axis; the impulse responses are computed using a Cholesky decomposition that orders the variables (output gap, inflation, from 1-month to 10-year yield); the short rate is the 1-month yield, while the long rate is the 10-year yield.
FIGURE 6 -Response of inflation to generalized one standard deviation innovations
FIGURE 7 -Response of output gap to generalized one standard deviation innovations
